Chest wall electrical stimuli, too weak to affect the heart, act as electrical signals to an implanted ventricular-inhibited (QRS blocking) demand pacemaker which interprets them as originating from the heart and consequently responds according to its specifications.
Newer and sophisticated modes of electrical pacing of the heart have made the electrocardiographic evaluation of demand (standby) pacemaker performance increasingly complex (Castellanos et al., 1969; Rubin, Arbeit, and Gross, I969; Spritzer et al., I969) . Ventricular demand pacemakers monitor the R wave of the electrocardiogram and may be classified as ventricular-inhibited or QRS-blocking (Castellanos et al., I969; Furman, Escher, and Solomon, I967) , and ventricular-triggered or QRS-stimulating types (Furman and Escher, I968;  Sowton, I968; Castellanos et al., I969). Several workers have advocated the application of low voltage external electrical stimuli to assess the function of ventriculartriggered demand pacemakers (Smyth, Bacos, and Keller, I968; Castellanos and Lemberg, I969; Furman et al., I969; Smyth, I969; Samet et al., I969b) . Chest wall electrical stimuli, too weak to affect the heart, act as electrical signals to an implanted demand pacemaker which interprets them as originating from the heart and consequently responds according to its specifications. This simple technique may also provide information about the performance of ventricular-inhibited demand pacemakers, and permit analysis of the underlying electrocardiogram in patients constantly paced, by completely suppressing pacemaker discharge (Furman et al., I969; Samet et al., i969a; Sowton et al., I969) .
This report describes our experience with the chest wall stimulation technique in patients with ventricular-inhibited demand pacemakers.
Methods
Twenty patients with pervenous ventricularinhibited pacemakers of the Medtronic Demand type2 also known as QRS blocking demand pacemakers and five patients with fixed rate (asynchronous) pervenous ventricular pacemakers were studied. (Spritzer et al., i969) . When an external stimulus above threshold falls up to 20 Milliseconds outside the measured refractory period, the EP interval may be shorter than the EP interval from stimuli occurring later (see Fig. 2 group.bmj.com on June 24, 2017 -Published by http://heart.bmj.com/ Downloaded from Evaluation of patients with implanted ventricular-inhibited demand pacemakers 787 demonstrates the measurement of the pacemaker refractory period. External stimuli applied at a rate of 6o a minute occur at random in the cardiac cycle. Only the second and fifth external stimuli in strip A and the third and fifth stimuli in strip B are detected by the Medtronic pacemaker which recycles itself. The refractory period (R.P.) measures about 390 msec. as indicated in strip B by the longest interval between an implanted pacemaker spike and its succeeding unsensed external stimulus. The fifth external stimulus in strip A, occurring only 420 msec. after the internal spike, recycles the pacemaker. Note in strip B that the third external stimulus, falling just outside the pacemaker refractory period, 420 msec. after the preceding implanted pacemaker spike, initiates an EP interval of 830 msec. in contrast to the fifth external stimulus which is followed by an EP interval of about 960 msec., similar to other EP intervals in Fig. i , strip C. is completely suppressing the implanted pacemaker. Application of the antenna from the external rate control transmitter directly over the implanted pacemaker (arrow) eliminates the sensing mechanism and confirms pacing capability. In strip B carotid sinus pressure demonstrates the demand function of the pacemaker during bradycardia. Chest wall stimulation at 25 mA, with stimuli below the isoelectric line, does not inactivate the pacemaker during induced bradycardia. However, the mere change in polarity of chest wall stimulation in strip D successfully suppresses the implanted pacemaker during induced bradycardia. equals the EP intervals in strips A and B when recycling occurs. If the first beat had been a paced beat, the external stimulus would not have been sensed. Fig. 6 : chest wall stimuli fall above the isoelectric line. Strip A shows the emergence of atrial fibrillation with a very slow ventricular response during stimulation. The R.P. of the implanted pacemaker approximates 370 msec. When sensing of extemal stimuli occurs the EP interval measures goo msec. in contrast to the PP interval which measures I040 msec. Sensing of the first three spontaneous beats and first four external stimuli occurs in strip C. The EP interval after the fourth external stimulus measures 9oo msec., as in strip B when recycling occurs. Therefore the fourth external stimulus falling about i8o msec. after the onset of the third QRS complex must have been sensed by the pacemaker. Strip D shows early sensing of a spontaneous QRS complex after sensed external stimulus. The escape interval of the pacemaker following a regular spontaneous beat (3rd beat) measures 980 msec. The sixth beat, a spontaneous QRS, whose initial R wave is masked by a fibrillation wave, occurs about ioo msec. after the external stimulus. The QP interval following that beat approximates 980 msec., indicating that both the external stimulus and spontaneous QRS were sensed. Since premature beats cannot occur so early, these observations are of little clinical importance, but are, nevertheless, interesting. For the pacemaker in this patient, PP: I040 msec. > QP: 980 msec. > EP goo msec. Fig. 7 shows how chest wall stimulation helped confirm the diagnosis of digitalis toxicity in a patient with gastrointestinal symptoms. Strip A shows regular Medtronic demand ventricular pacing interrupted by two spontaneous sensed beats (S) and an undulating baseline suggestive of atrial flutter. External stimulation applied at arrow in strip B completely inactivates the pacemaker, revealing atrial flutter with 4: I AV block and multifocal ventricular extrasystoles (V). After stopping digitalis for several days no ventricular extrasystoles were observed when chest wall stimulation was repeated, suggesting that digitalis intoxication had been responsible for the enhanced ventricular automaticity which incidentally was completely suppressed by ventricular pacing faster than the spontaneous rate by overdriving (Sowton, Leatham, and Carson, I964 (Fig. 4, strip A) .
Once the pacing potential of the pacemaker under study has been established, it may be challenged during spontaneous rhythm by the induction of bradycardia by vagal stimulating manoeuvres (Castellanos et al., I968) or the administration of vagomimetic drugs (Sowton, I967) . When the pacemaker continuously activates the heart, the blocking behaviour of the unit may be assessed by accelerating the spontaneous rhythm with isoprenaline (Castellanos et (Fig. 6,  strip D) . In general, malfunction of the demand mechanism of a pacemaker is either due to poor signal delivery (low voltage bipolar electrogram) or to component failure.
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In the former, chest wall stimulation will suppress the pacemaker, while in the latter inactivation may not be achieved. Therefore, chest wall stimulation may reveal subtle but clinically important changes in ventricularinhibited pacemaker performance undetectable by other means, and since the results are so easily reproducible, comparisons of serial tracings enhance its diagnostic value.
External stimuli may completely suppress the discharge of ventricular-inhibited pacemakers when the rate of appropriately timed stimulation exceeds the automatic rate of the pacemaker (Furman et al., i969; Samet et al.,  i969a; Sowton et al., I969) . This permits the emergence of the patient's spontaneous electrocardiogram which in the absence of ventricular asystole or obvious bradycardia may be recorded for diagnostic interpretation. Because of the risk of asystole or severe bradycardia, extreme caution should be exercised when using this technique.
The knowledge that little or no spontaneous activity exists (Fig. I, strip B) , as revealed by this technique in any patient with a ventricular-inhibited pacemaker exhibiting even the slightest degree of pacing failure, assumes great importance if fatal asystole is to be prevented. In addition, since the average life of currently available power units is about two years or less, prophylactic replacement should be seriously considered after about [20] [21] [22] months in those patients with inadequate spontaneous rates during pacemaker inactivation by chest wall stimulation.
Chest wall stimulation, by completely suppressing a ventricular-inhibited pacemaker, may disclose diagnostic morphological or rhythm changes in the spontaneous electrocardiogram. Fig. 7 illustrates how suppression of the pacemaker by this technique confirmed the clinical diagnosis of digitalis toxicity by the observation of multifocal ventricular premature beats which disappeared after digitalis was withheld. The unmasked electrocardiogram may also reveal important morphological changes, such as the Q waves of myocardial infarction, but ST segment and T wave changes should be interpreted with some reservation since they may occur as a result of pacing per se (Chatterjee et al., i969) .
